J 



PAT-NO: JP02000165047A 

DOCUMENT- IDENTIFIER: JP 2000165047 A 

.TITLE: MANUFACTURE OF PRINTED WIRING BOARD 

PUBN-DATE: June 16, 2000 



I NVENT OR- 1 N FORMAT I ON : 
NAME 

MIURA, MICHIAKI 
ARIGA, RIICHI 
MUNAKATA, AKIRA 
UEMAE, MASAKI 
HABASAKI, YASUHARU 
YAKITA, SHUNICHI 



ASSIGNEE-INFORMATION: 
NAME 

NIPPON CARBIDE IND CO INC 
NCI DENSHI KK 



APPL-NO: JP10335857 
APPL-DATE: November 26, 1998 



INT-CL (IPC) : H05K003/46, G01B011/00 , H05K001/02 , H05K003/00 



ABSTRACT: 

PROBLEM TO BE SOLVED: To reduce positional displacements of inner 
and outer 

layer patterns, by correcting the amount of positional displacement of 
a 

circuit pattern using recognition marks as a reference, and forming via 
holes 

or the circuit pattern in an outer conductive layer. 

SOLUTION: A core substrate 5 is made of a circuit pattern and a 
plurality of 

recognition marks 4. The circuit pattern is formed by etching a metal 
foil of 

a metal-clad laminate prepared by laminating a plurality of inner 
insulating 

layers 11 and inner conducive layers 12. An outer insulating layer 13 
and an 

outer conductive layer 14 are laminated on the substrate 5, and the 
layer 14 is 

thereafter evenly thinned. Then, the marks 4 are read by a recognition 
device 
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to thereby recognize the position of a pattern of the layer 11 and the 
amount 

of displacement of the laminated substrate from the positions of the 
marks 4 as 

reference positions for correction. The layers 14 and 13 are removed 
based on 

these reference positions for correction, and via holes are thereafter 
formed. 

The via holes are electrically connected, and the layer 14 is then 
etched by a 

subtractive method to thereby form the circuit pattern. 
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(57) [Abstract] 

[Objective] 

To provide a manufacturing method of a printed circuit board that has a multilayered circuit 
and internal circuit pattern together with external circuit pattern and via hole and through 
hole are not misaligned on it. 

[Configuration] 

A method of manufacturing a printed circuit board that laminates an insulation layer and a 
conductor layer on the core substrate, implements the thinning of the conductor layer 
uniformly, reads the recognition mark from the recognition device, creates a hole with a 
laser, and forms a via hole, circuit pattern. 
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[Claim(s)] 



[Claim 1] 

A method of manufacturing printed circuit board characterized by the fact that it comprises a 
process of laminating external insulation and conductor layer on the core substrate that has 
circuit pattern and recognition mark formed, a process of thinning the external conductor 
layer uniformly, a process of reading a recognition mark with the recognition device, a 
process of forming via hole by eliminating the external insulation layer with laser radiation 
and a process of connecting internal insulating layer and external insulating layer electrically 
through the via hole together with a process of forming a circuit pattern with the subtractive 
method. 

[Claim 2] 

A method of manufacturing printed circuit board as has been stated in claim 1 characterized 
by the fact that the recognition device is a CCD camera or X-ray camera. 

[Detail Description of the Invention] 

[0001] 

[Field of Industrial Application] 

This invention pertains to the method of manufacturing printed circuit board. 

[0002] 

[Prior Art] 

Recently, along with the miniaturization of electronics devices, miniaturization, thinning, 
lightweight, and high density have been sought. 

In order to meet these requirements while providing electric connection between the layers, 
a build up method that will stack multilayers was getting explored. 

[0003] 

Pertaining to the build up method, as a method of forming conductor layer, additive method, 
semi-additive method or subtractive method are being used more, former two methods fail 
the reliability due to the less adhesiveness between the conductor layer and the insulating 
layer in order to form a conductor layer with electroless, electrolysis plating on the entire 
surface. 

On one hand in the subtractive method, alignment of the internal layer circuit and external 
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layer circuit is troublesome although it has high adhesiveness. 

Namely, from the front surface internal layer can not be seen in order to laminate an 
insulating layer and a conductor layer on the core plate that has internal layer circuit formed, 

In the conventional method, the target mark that was formed at the same time with internal 
layer circuit used to be cropped up by drilling conductor-insulator layer from the surface 
with the end mill drilling. 

However, with this drilling method, it used to be extremely difficult technique to regulate 
the depth of micron unit leaving the target mark, which is an internal conductor layer. 

And position determining holes were provided on the core plate with the cropped up target 
marks as a standard and lamination, via hole and circuit pattern used to be formed with these 
position-determining holes as standard. 

[0004] 

In addition, the method has been proposed wherein resin as an insulator layer is laminated 
on the core plate with the build up method, and a target mark is cropped up by eliminating 
one part of the resin. 

In this method, in spite of being a simple method, since it is a method that only eliminates 
resin, as has been mentioned before like additive and semi-additive methods the problem of 
less adhesiveness between the resin layer and the conductor layer is there. 

[0005] 

[Problems to be Solved by the Invention] 

In this kind of conventional methods, adhesiveness between insulating and conductor layer 
is low because it is an additive type method. 

In spite of high adhesiveness between the insulating and conductor layer, since the 
recognition mark, which is a tag mark of the internal layer cannot be read from the external 
part, subtractive method carries out the forming of lamination, via hole and circuit pattern 
from the outer conductor layer with position determining holes as a standard or 
misalignment of internal and external pattern could take place as the extremely troublesome 
method of drilling process has been explored and the position misalignment due to 
mismatching of the formed via hole with the internal conductor layer, and failure of 
electrical connection etc are more often and the problems such as bad quality and reliability 
and low yield used to occur. 

If to explain about position misalignment in particular, using drawing 4, if a window was 
formed and a hole was opened with a laser on the conductor layer 32 of the multilayered 
board where insulating layer 30, vial land 31 which is the internal conductor layer, 
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conductor layer 32, positions of via land 31 and the window was misaligned and further, 
hole 34 was formed to the last conductor layer and thus the trouble of having excess electric 
connection in the process of electric connection used to occur. 

[0006] 

/ [Means to Solve the Problems] 

This invention is a method of manufacturing printed circuit board that comprises a process 
of laminating external insulation and conductor layer on the core substrate that has circuit 
pattern and recognition mark formed, a process of thinning the external conductor layer 
uniformly, a process of reading a recognition mark with the recognition device, a process of 
forming via hole by eliminating the external insulation layer with laser radiation and a 
process of connecting internal insulating layer and external insulating layer electrically 
through the via hole together with a process of forming a circuit pattern with the subtractive 
method. Due to the subtractive method the adhesiveness between the insulating layer and the 
conductor layer is high, reads the recognition mark that has been formed on the core 
substrate of the internal layer, recognizes the misalignment, and the amount of expansion of 
the board from the position data of the recognition mark that was read and since the via hole 
and external circuit pattern are formed by using compensating position standard, 
misalignment of internal and external pattern is extremely less, quality and reliability are 
high without position misalignment and electric connection flaw with via hole and internal 
conductor layer matching and with the high yield, provides a method of manufacturing even 
superior printed circuit board 

[0007] 

Regarding the detail of the method of manufacturing printed circuit boards pertaining to this 
invention is explained below. 

Explanation is given with figure 1,2 and 3 

Besides providing a circuit pattern by etching metallic foil layer of expanded metallic plate 
that has plurality of layers laminated such as internal insulating layer 1 1 and internal 
conductor layer 12, the method of manufacturing printed circuit board pertaining to this 
invention, makes core substrate 5 by forming plurality of recognition mark 4 (Furthermore, 
depending on the need, through holes and via holes might also be formed.) laminates 
external insulating layer 13 and external conductor layer 14 on the core substrate, thins the 
external conductor layer uniformly, reads the recognition mark 4 with the recognition 
device, recognizes a circuit pattern position of an internal conductor layer and degree of 
misalignment due to self-expansion of the laminated board from the position of the 
recognition mark that has been read from the recognition device and allows the 
compensating standard position in the later process, 

forms a via hole 24 by eliminating external conductor layer 14 and external insulating layer 
13 with laser radiation 23 based on the supplementary standard position, electrically 
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connects internal conductor layer 12 and external conductor layer 14 via the via hole, and 
forms the circuit pattern by etching external conductor layer 14 with subtractive method. 

[0008] 

If to explain in further detail, as for multilayered laminated metallic expanded plate, internal 
insulating layer 1 1 might also be resin that is being used commonly that comprises epoxy, 
polyimide, phenol, bismaleimide, triazine, poly phenylene ether, as main components, it 
could also be fabric finely woven, a fabric not finely woven saturated with aforementioned 
type of resin, inorganic filling material could be added to aforementioned resin type, internal 
conductor layer 12 might be a metallic foil that is being used commonly such as copper, 
aluminum, stainless, tungsten, and the circuit pattern and recognition mark 4 on the metallic 
expanded plate could be formed with the method implemented normally and makes the core 
substrate 

Treats the surface conductor layer of the core substrate with black color with the normal 
method and makes core substrate 5 for lamination by chemical oxidation 

(Optimal would be not to treat the part of the internal conductor layer that becomes lower 
position forming via hole with black color and not to do chemical oxidation. The surface of 
the conductor layer that has not been treated will reflect the laser radiation and stop the 
formation of via hole. ) 

[0009] 

There is no specific restriction on the shape of recognition mark 4, central part of donut 
shape, circular shape, square shape, well shape etc or a shape that can be confirmed specific 
position parts 

Optimal would be donut shape or circular shape. 

Also, number of recognition marks could be multiple and might be formed only on one or 
both the surfaces of the metallic expanded plate. 

To form on both the surfaces, it is desirable if the position on both the surfaces is displaced 
in order to improve the degree of recognition from the recognition device. 

Optimum would be if there are more than 4 and can create photo mask pattern film from the 
external conductor layer finishing process that supplemented the amount of misalignment by 
verifying not only the misalignment as a position coordinate but also the expansion of the 
board during the process. 

It is desirable if the recognition mark is placed in oblong position. 
[0010] 
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External insulating layer could be of the similar resin type as in internal insulating layer or a 
type that has resin type saturated in fine or nonwoven fabric or a type of resin wherein 
nonorganic filling material is added. 

External conductor layer 14 could be of the similar metallic foil as in the internal conductor 
layer. 

Also, there are no specific restrictions on the method of laminating the external insulating 
and external conductor layers onto core substrate 5. 

One or plurality of resin layers (prepreg) comprised of aforementioned external insulating 
layer material and the metallic foil comprised of aforementioned external conductor layer 
material can be laminated on the core substrate with the commonly implemented method. 

Or the metallic foil with insulating layer that has external insulating layer adhered on the 
metallic foil comprised of aforementioned external conductor layer material can be placed 
for laminating with the insulating side towards the core substrate side and can be laminated 
with the commonly implemented method. 

[0011] 

There are no particular restrictions regarding the method, thickness etc. of thinning of the 
external conductor layer. 

Generally implemented process are mechanical polishing, etching etc. 

Optimal method is to dip coat the printed circuit board into the etching solution. 

As an etching solution, alkali type, cupric chloride, ferric salt type, sulfuric acid/hyper 
oxidation type hydrogen type, sulfite salt type etc. are desirable. 



Furthermore, it is desirable to be alkali type, sulfuric acid/hyper oxidation type hydrogen 
type, sulfite salt type 

It is desirable that etching control in particular should be easy with less surface roughness 
and uniform etching of sulfuric acid/hyper oxidation type hydrogen type. 

In addition, it is desirable that the thickness of external conductor layer from thinning is 9- 

l|nm. 

Furthermore it would be optimum if it is 7-1 ^m. 
5-2 |nm would be preferred in particular. 
[0012] 
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As for recognition device 20, it would be better if it were a device that can read the position 
of recognition mark 4 with optical system. But there are no restrictions in particular. 

For example, CCD camera, X-ray camera, TV Camera, optical projector. 

CCD camera that can perform automatic reading, X-ray camera. 

In case of using CCD camera, it is better to remove external conductor layer that 
corresponds to the position of the recognition mark, and to verify the recognition mark that 
exists internally or to verify the recognition mark by also removing the external insulating 
layer. 

In case of using X-ray camera, with the permeating X-rays recognition mark could be 
verified without removing external conductor layer. 

It is a common practice to attach this kind of recognition device to the exposure alignment 
device, laser processing equipment etc. 

[0013] 

Via hole 24 is formed by removing the external conductor layer and external insulating layer 
that have made thin with laser radiation and there are no particular restrictions on the shape: 

There are no particular restrictions on the type of laser radiation and it would be better if the 
metal type of the conductor layer along with the resin type of the insulator layer are removed 
or either resin type or fine fabric type or organic filler material of the insulating layer has 
been removed. 

For example, ultraviolet laser, carbon dioxide laser, Xe laser, excimer laser, Ar laser, etc. 
[0014] 

To simplify the absorption of laser energy by executing treatment on the surface of the 
external conductor layer before radiating with laser radiation on the external conductor layer 
and external insulating layer that has made thin, is desirable. 

Formation of the layer of the material having high laser sensitivity and coloring with the 
color that absorbs the laser better can be given as example. 

It is preferred if copper oxide layer is formed on the surface and if coated with dye or color 
pigment such as carbon. 

To form copper oxide layer by oxidizing the surface of copper, which is a conductor layer, is 
preferred in particular. 
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As for the internal conductor layer, it is a common practice to give blackening treatment and 
chemical oxidation in order to increase cohesiveness strength before lamination. 

Since the conductor layer that has been treated this way has good absorbing ability of laser 
energy, hole can be formed to the conductor layer. 

In order to prevent that, it is preferred if the part of the internal conductor layer of the lower 
position where via hole will be formed has poor ability to absorb laser energy. 

For this, do not conduct blackening treatment and chemical oxidation on the portion that has 
bigger diameter than the diameter of the via hole on the position determined to form the via 
hole in connection with the treatment of the internal conductor layer. 

If these processes are not implemented the surface of the internal conductor layer remains as 
it is with the poor ability to absorb laser energy. 

[0016] 

Electric connection of the internal conductor layer and the external conductor layer can be 
performed with methods such as plating method through via hole or the method of filling 
conductive material. 

Plating method is desirable. 

[0017] 

The printed circuit board that has been manufactured with the method of manufacturing 
printed circuit board that has been described in this way has no misalignments and has high 
quality and reliability and is manufactured with high yield. 

[0018] 

[Embodiment] 

Below, an embodiment of the method of manufacturing printed circuit board pertaining to 
this invention is explained. 

Furthermore, the method the method of manufacturing printed circuit board pertaining to 
this invention is not limited to the embodiment below. 

[0019] 

(Embodiment 1) 
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Internal circuit pattern together with recognition mark 4 that will leave circular shaped 
copper foil was formed in the four corners on both surfaces of copper expanded plate by 
etching (match the position of the circuit pattern formed on both sides of the film, insert the 
both sides copper expanded plate with dry film attached on it in between the films, expose 
and develop and tear off the dry film by etching the copper foil.) both surfaces of the copper 
foil of both copper surfaced expanded plate with the subtractive method that has internal 
insulating layer 1 1 that has resin saturated with epoxy as a main component in glass fine 
fabric, having thickness of lOO^m, on both sides of which internal conductor layer 12 
comprised of copper plate having thickness of 18 nm has been laminated. Core substrate 5 
was created by forming a mask that has diameter bigger by lOOum than via hole on the 
location that has been designated to form a via hole and by removing the mask through 
implementing blackening treatment and chemical oxidation with regular methods on the 
exposure part of the internal copper foil. 

(Open a hole with drill, laser etc and forma through hole by implementing plating; core 
substrate 5 having through hole by etching might also be good.) 

[0020] 

An operation board 1 possessing the circuit pattern and recognition mark 4 on the internal 
conductor layer was created using a copper foil of thickness 12^im as external conductor 
layer 14 and a insulation layer attached copper foil that has a coat of insulating layer 
comprised of epoxy resin of thickness of about 60^m as main component as external 
insulating layer 13 on one side of the copper foil and by placing the insulation layer attached 
copper foil on both the surfaces of the core substrate such that the insulating layer side of the 
insulation layer attached copper foil will adhere to core substrate 5 and by applying heat, 
pressure and vacuum inside a vacuum chamber. 

[0021] 

Operation board 1 was soaked in etching solution bath of sulfuric acid/hyper oxidation type 
hydrogen type and the entire surface of the copper foil of the external conductor layer was 
etched uniformly and operation board 1 having thin layer of copper foil with the thickness of 
about 3 \im 

(Figure 2 (a)) 

[0022] 

Operation board 1 was set on the carbon dioxide laser processing device equipped with CCD 
camera as recognition device 20, recognition window 21 was formed (figure 2 (b)) in square 
shape of 10mm on the position of 4 interior recognition marks by removing (part of external 
insulating layer in the proximity of the copper foil has also been removed) the copper foil 
with laser radiation (Wave length 10.6^m pulse width 56^s, number of frequency waves 
100Hz, 20ml) of carbon dioxide laser on the copper foil that has made thin in the proximity 
of 4 recognition marks, recognition mark 4 from the recognition window is read from the 
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CCD camera and correctness of the position is verified, based on the corrected verified data 
laser radiation 23 (Wave length 10.6^m pulse width 56ns, number of frequency waves 
100Hz, 20ml) of the carbon dioxide laser is radiated and the external conductor layer is 
melted, vaporized and by modifying the out put of laser radiation (Wave length 10.6fim 
pulse width 36|us, number of frequency waves 100Hz, 2ml) and via hole 24 getting through 
to the internal conductor layer by vaporizing and disintegrating the external insulating layer 
was formed, (figure 2 (c) since the copper foil of the internal conductor layer on the lower 
part of via hole easily reflects the laser radiation, hole was not opened by reflecting the laser 
and almost without melting). 

[0023] 

A hole was opened using drill on the desired corrected position that was formed by the 
through hole of operation board 1 that had via hole 24 formed on it interior of via hole and 
drill hole is treated for smear removal with potassium permanganate method, through hole 
17 (drill hole position) and via hole 16 that are connected electrically were formed by 
forming plating layer 15 by implementing no electrolysis copper plating and electrolysis 
copper plating. 

[0024] 

As etching of the subtractive method, on both the surfaces of the operation board that has 
through hole and via hole formed dry film was adhered, this operation board was set on the 
exposure alignment device, recognition mark 4 was read from the CCD camera, the correct 
position of standard mark of the photo mask pattern film for circuit pattern and recognition 
mark was matched, circuit pattern was transferred by exposing ultraviolet rays and by 
adhering the operation board and photo mask pattern film, and printed circuit board was 
created with circuit pattern and second recognition mark on the external conductor layer by 
developing dry film, etching copper foil and by tearing off the dry film. (Figure 1) 

This second recognition mark is useful furthermore as positioning recognition mark when it 
laminates. 

Since the second recognition mark is not formed on the location matching with recognition 
mark 4 it has not been shown in figure 1 . 

In actual product, further formation of solder resist, symbol mark, letter etc, solder 
embrocation, metal plating treatment etc, dividing groove 3 shown in figure 3, outer shape, 
partial punching etc processes will be performed. 

[0025] 

Since the printed circuit board that has been manufactured this way, corrects the position 
and matches the recognition mark, the circuit pattern of the internal conductor layer, via hole 
forming position, and circuit pattern position of the external conductor layer do not have 
misalignment and has high quality and reliability and high yield. 
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Pertaining to the embodiment, position misalignment between the external and internal layer 
of via hole is under lO^m and there was no point where via hole and internal conductor 
layer has misaligned positions. 

[0026] 

(Embodiment 2) 

Same as in the first embodiment, operation board 1 was prepared wherein copper foil, which 
is the external conductor layer was made uniformly thin, the operation board was set on the 
carbon dioxide laser device that was equipped with CCD camera as recognition device 20, 
by almost doing same as in the first embodiment, recognition window was formed with 
laser, recognition mark 4 was read from the recognition device 20 and then corrected 
recognition mark 2 was engraved with laser on the copper foil which is external conductor 
layer 14 with the read data as a correction standard. 

Photo mask pattern film of the circuit pattern was drawn for the process after the expansion 
was applied as correction value based on the data read from the CCD camera. 

In addition, the data could also be used as correction data of the device. 

Via hole 24 was formed same as in the first embodiment using correction data with the 
correction recognition mark 2 as a standard with laser radiation 23, same as in the first 
embodiment via hole 16 and through hole 17 were formed, and the printed circuit board was 
manufactured with circuit pattern and the second recognition mark on the copper foil which 
is the external conductor layer same as in the first embodiment with the correction mark 2 as 
a standard. 

[0027] 

Since the printed circuit board that has been manufactured this way, corrects the position 
and matches the recognition mark, the circuit pattern of the internal conductor layer, via hole 
forming position, and circuit pattern position of the external conductor layer do not have 
misalignment and has high quality and reliability and high yield. 

Pertaining to the embodiment, position misalignment between the external and internal layer 
of via hole is under lO^im and there was no point where via hole and internal conductor 
layer has misaligned positions. 

[0028] 

(Embodiment 3) 

Core substrate 1 that bears recognition mark 4 same as in the first embodiment was created, 
external insulating layer 13 (also called prepleg) having thickness of about 60jim that has 
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resin soaked in glass fine fabric comprised of epoxy as a main component and a copper foil 
having thickness of about \2\xm as external conductor layer 14 are placed on both surfaces 
(place the prepleg in between the copper foil and core substrate) of core substrate 1, 
operation board 1 that internally has circuit pattern and recognition mark was formed by 
applying vacuum, pressure and heat inside the vacuum chamber (180 deg.C, 25 kg/m 2 , 120 
minutes); furthermore, the operation board was soaked in etching bath of sulfuric acid/hyper 
oxidation type hydrogen type and a copper file that is the external conductor layer was made 
thin uniformly and the operation board of about 4|um was prepared. 

[0029] 

Operation Board 1 was set on the carbon dioxide laser that is equipped with X-ray camera as 
recognition device 20, position of recognition mark 4 with the permeating X-rays was read 
and a hole was opened with a laser on the copper foil which is the external conductor layer 
of the position corresponding to the recognition mark. 

(Said hole becomes standard of the process from now.) And on basis of data that was read, 
via hole 24 was formed same as in the first embodiment. 

[0030] 

A photo mask pattern film that has been created by considering the expansion value of the 
operation board based on the position data of recognition mark 4 that was read, was created. 

In addition, the data that was read will reflect as the correction value in the process later. 

Almost in the same manner as in the first embodiment a drill hole was formed on the desired 
corrected position, where through hole is formed using drill, via hole 16 and through hole 17 
were formed by implementing copper plating same as in the first embodiment and printed 
circuit board was manufactured by forming the circuit pattern by etching with subtractive 
method based on the hole as a standard, same as in the first embodiment. 

Regarding mass production, for large number of operation boards, recognition mark was 
read with the X-ray cameras and rank classification of the operation board was performed by 
memorizing and estimating distribution tendency of correction value of position 
misalignment and expansion value etc and by using the corresponding position and the 
photo mask pattern film etc. forming of the circuit pattern etc was carried out. 

[0031] 

Since the printed circuit board that has been manufactured this way, corrects the position 
and matches the recognition mark, the circuit pattern of the internal conductor layer, via hole 
forming position, and circuit pattern position of the external conductor layer do not have 
misalignment and has high quality and reliability and high yield. 

Pertaining to the embodiment, position misalignment between the external and internal layer 
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of via hole is under 15^m and there was no point where via hole and internal conductor 
layer has misaligned positions. 

[0032] 

[Effects of the Invention] 

Printed circuit board according to the manufacturing method of printed circuit board 
pertaining to this invention based on the recognition mark formed on the internal conductor 
layer recognizes the position of the circuit pattern and degree of misalignment due to 
expansion of the board, forms via hole on the external conductor layer by correcting the 
position or the misalignment of position occurring in the processes on the internal and 
external patterns due to formation of the circuit pattern is extremely less, has high accuracy, 
high quality and reliability and high yield. 

[0033] 

[Brief Explanation of the Drawing(s)] 
[Figure 1] 

It is a sectional view of printed circuit board with embodiment of manufacturing method of 
printed circuit board that relates to this invention. 

It is a sectional view of cross-section in K-KK of operation board of Figure 3. 
[Figure 2] 

It is a sectional view that shows step of printed circuit board with embodiment of the 
manufacturing method of printed circuit board that relates to this invention. 

[Figure 3] 

It is a figure that with embodiment of manufacturing method of printed circuit board that 
relates to this invention formed dividing groove in job board of printed circuit board. 

[Figure 4] 

It is a sectional view which shows single step according to the conventional method. 
{0034} 

[Explanation of Symbols in Drawings] 
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11 

Internal insulating layer 
12 

Internal conductor layer 
13 

External insulating layer 
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